Abstract. A Laõranõian chemistry-transport model (STOCHEM) was driven with meteorology derived from a slab ocean õeneral circulation model for conditions appropriate to the present-day and at double CO2, and with emission scenarios appropriate for present day conditions and for the year 2075. The results show conclusively that the effect of including the predicted changes to future climate is to reduce the simulated tropospheric ozone concentrations. The response of global tropospheric ozone in the period 1990-2075 was an increase of 6.4 ppb when both climate and emissions changes were included, compared to an increase of 10.3 ppb when only emissions changes were considered. This difference is mainly due to water vapor and temperature increases, together with some dynamical effects. There are considerable changes to other tropospheric oxidants, with OH, HO2, and H202 all increasing considerably in response to climate changes. In contrast, OH decreases when only the emissions are allowed to change. A replicate run of the control scenario with STOCHEM using a different year of meteorology showed considerable interannual variability in local monthly mean ozone concentrations.
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sis to changes in tropospheric ozone and other oxidants and do not consider changes to the model other than from surface emissions and climate change through the meteorological diagnostics which drive STOCHEM.
There are many potential feedbacks between tropospheric chemistry and climate change. Studies by Thompson and Cicerone [1986] and Thompson et al. [1989 Thompson et al. [ , 1990 Thompson et al. [ , 1991 established that perturbations to tropospheric oxidants were likely to occur as a result of relative changes to CH4, CO, and NOs emissions in different regions and that both stratospheric ozone depletion and increases to tropospheric water vapor from climate change were also important determinants of the oxidant changes. Increasing CH4 and CO emissions were with [Atkinson, 1994] Predictions of temperature and humidity changes fi'om climate change experiments are nonuniform, and it is therefore necessary to use three-dimensional global climate and chemistry models to extrapolate fi'om the sensitivities discussed above to establish the global effects of climate change on trace gas life cycles. The experiments described below were done using a threedimensional tropospheric chemistry model which is run using data fi'om the Hadley Centre Clbnate Model. Natural emissions were assumed constant, and the effect of changes to stratospheric constituents were ignored in order to determine the role of clbnate changes on tropospheric chemistry. of tim global troposphere to 100 hPa, which incorporates the ctlemistry of ozoxle and oxidant formation within a fully Lagrangian fi'amework. The version used here has 50,000 Lagrangiml cells whose motion is driven by three-dime•lsional winds provided from the archived diagnostics of t}m GCM. The cell locations are solved by Runge-Kutta integration with linear interpolation of the 6-hourly winds with respect to time and horizontal direction and with cubic interpolation in the vertical. Table 2 shows the equilibrium globally averaged temperature and lmmidity changes in the troposphere of the climate model described in section 2 due to the imposed double CO= forcing. The fractional changes to humidity are much larger in the upper than the lower troposphere. Temperature and humidity changes are greater i• tile tropics and subtropics than elsewhere, with the exception of the polar regions where the temperature change is also large because of the ice feedback. Figre 'es I and 2 show the annual and zonal mean changes to these properties at lx CO2 and 2x CO2. Changes to temperature are generally greater in midtroposphere than near to the surface, with humidity changes be- runs were identical except that they used different meteorological diagnostics taken fi'om consecutive years of the l x CO2 GCM experiment. Table 3 lists the total global model burdens for various species in January and July. Only minor differences between the control run (CON) and its repeat using the next years rneteorology (REP) can be observed. Changes to local surface layer monthly mean ozone concentrations in January and July were generally less than 20 ppb between these scenarios, while the globally averaged changes for January and July at various model levels (Table 4) The inventories are given in molecules.
Results

Climate Model Properties
reflect a sample of the interannual variability within the GCM and provide a yardstick against which emission and other changes can be compared for likely significance. Clearly interannual variability is significant within our model and cannot be quantified reliably with one replicate year. This issue is being addressed in further work not reported here. Mean surface OH volumetric mixing ratios in the control experiment (CON) were 5.33 x 10 -14 in January and 6.38 x10 -14 in July. In the following year, these values had increased slightly by 2.6% in January and 1.2% in July. In the upper troposphere, the global mean winter concentration remained unchanged, but the summer concentration decreased. Table 5 shows the annual ozone budget for the model scenarios. There appears to have been significant changes to the input of ozone into the model fi'om the stratosphere, with less in REP than CON; however, there is less chemical destruction, and the annual average The decline in tropospheric ozone appears to have been mainly caused, see Table 5 , by the increased fraction of the ozone photolysis that acts as a net ozone loss through equations (1) Figre'es 3a and 4a show that the zonal mean ozone has decreased throughout th• model, with the largest changes at the top, and Table 4 shows that the global average decrease for several heights ranges from 1.8 ppb near the surface to 3.5 ppb at 350 hPa. Table 6 [1995] which all showed an increase in methaue lifetime foilroving a step change in concentration. Here, despite an even larger methane step change, the methane lifetime has decreased by 2.5%. OH" radicals have decreased by less than the increase in methane concentrations leading to an increased flux of OH + CH4. This increased flux has clearly been driven by the increase in water vapor concentrations and temperatures associa,ted with the 2 x COe experiment. showed an 11% loss of ozone due to an increase in global mean surface temperature at double CO2 of 2.9 K, though methane concentrations were also allowed to decline in this study. Thompson The results presented above show that the predicted climatic changes from an equilibrium double CO2 experiment with a slab ocean GCM have a significant effect on both ozone and tropospheric oxidants predicted by an off-line model. As an example, the globally averaged ozone change at around 500 hPa in July predicted in a model which used 2075 emissions and 2 x CO2 meteorology was shown to be almost half that predicted from a model which ignored the meteorological changes (Table  4) . For a change in climate, we report a 9.7% decrease in global mean tropospheric ozone with a midtropospheric temperatm'e increase of 3.5 K. It is likely that these The internal variability of the slab-ocean GCM produces significant local changes to mean monthly ozone and other oxidants in the off-line chemistry model, but there is little change to globally averaged properties. As only two separate years were assessed in the model simulations, the range of results is not likely to encompass the expected range over a long time period.
